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Trypanosoma cruzi in Triatomines and wild mammals in the National Park of Serra das Confusões,
Northeastern Brazil
Andréa Pereira da Costa [1] , [2] , Juliana Isabel Giuli da Silva Ferreira [1] , Ryan Emiliano da Silva [1] , Renata Tonhosolo [1] , Andreina de Carvalho Araújo [3] , Maíra Freitas Guimarães [3] Mauricio Cláudio Horta [3] , Marcelo Bahia Labruna [1] and Arlei Marcili [1] , [4] INTRODUCTION Trypanosoma cruzi belongs to the family Trypanosomatidae, order Kinetoplastida. It is a flagellate circulating in wild mammals and triatomine species of the family Reduviidae, and it is widely distributed in a variety of ecotopes covering 21 countries in the Americas [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . This diversity of hosts in the T. cruzi transmission cycle has made this taxon subject to different selective pressures that have resulted in the current extreme genetic diversity 12, 13 . Indeed, T. cruzi includes six genotypes or discrete typing units (DTUs), designated TcI to TcVI, along with TcBat, a genotype that was first described in bats, and is now considered to be a new DTU [14] [15] [16] [17] .
The National Park of Serra das Confusões (NPSC) is a protected area of natural landscape located in Southern Piauí, Brazil, and it is considered as one of the largest and most important protected areas in the Caatinga biome. Research focusing on trypanosome infection in wild animals and on sylvatic triatomines in preserved environments and underexplored areas has made it possible to elucidate indispensable components of different epidemiological chains of diseases with zoonotic potential. Small terrestrial mammals are an important ecological group, from the points of view of abundance and diversity of species, since they present high adaptability in different ecosystems and are considered to be reservoirs for important pathogens that can infect domestic animals and humans.
Thus, the main objective of the present study was to evaluate the infection and diversity of T. cruzi in wild environments in the NPSC region. Through this, support for management actions and conservation strategies within the park and epidemiological monitoring in the region can be achieved. 
METHODS

Study area
The NPSC is the largest park in Northeastern Brazil. It covers 11 municipalities in the State of Piauí, including Guaribas, Caracol, Santa Luz, Cristino Castro, Jurema, Alvorada do Gurguéia, Elizeu Martins, Canto do Buriti and Tamboril do Piauí. The NPSC comprises Caatinga and Caatinga/Cerrado areas (Figure 1) .
The annual mean temperatures reach 28°C ± 5ºC with a maximum of 45°C and a minimum of 12°C. The rainy season extends from November to April with an average rainfall of 675mm ± 247mm and relative humidity of 80-90%. In the dry season, the relative humidity is between 35 and 70%. The vegetation displays typical Caatinga features and includes semideciduous forest patches 18 .
Sampling was concentrated during four visits to the park, in four periods: January 18 to 23 (wet and hot), May 21 to 26 (dry and hot), July 28 to August 2 (dry and hot) and October 21 to 25, 2013 (dry and hot).
Collection of triatomines
Triatomines were collected from sylvatic environments (burrows, openings in the ground, bird nests, waste materials, tree trunks and stones, among others) using a selective method. This consisted of a manual search using a flashlight to inspect openings and dark places, followed by using metallic tweezers to place specimens in individual flasks labeled with information regarding the collection site.
The triatomines collected were identified using an identification key 19 . Natural infection of insects by trypanosomatid forms was analyzed in feces obtained by means of abdominal compression. The feces were diluted in 0.9% saline and placed between a slide and coverslip for observation under an optical microscope 20, 21 .
Catching of small animals
The sites for catching wild animals were chosen to cover different environments in the NPSC, such as areas of caatinga trees, caatinga shrubs, rocks, and caves, comprising seven environmental areas:
Canto Verde (8º54'2''S 43º27'27''W), and Serra (9º13'34''S 43º27'47''W). Thus, transects were established to facilitate and monitor the fieldwork and only one time in each site.
To catch the small terrestrial mammals, we used 70 live traps (Sherman®; H.B. Sherman Traps, Tallahassee, FL, USA, and Tomahawk® Live Traps, Tomahawk, WI, USA) baited with a mixture of banana, peanut butter, oat, bacon, and sardines. The traps were set for five consecutive nights along random linear transects, placed on the ground at 10m intervals, and alternating between trap type. They were set up one day before the field sampling and were inspected on the next morning. Parenteral anesthesia was administered, consisting of ketamine chlorohydrate at the minimum dose appropriate for the species and weight. The general condition of each animal was determined. All animals were marked by shaving an area on the dorsum, and they were then released at the capture site once fully recovered from anesthesia. The animals were photographed, and all information relating to the capture date, geographic location, species, sex, weight, amount of anesthetic used, and morphological description were noted in the evaluation records for possible analysis during the study.
The animals were bled by means of venipuncture, and each blood sample was separated into two aliquots. One part was transferred to sterile tubes containing alcohol for polymerase chain reaction (PCR) analysis (500µL) and the other for parasite identification in the hemoculture (200µL).
Ethical considerations
The animals were identified using identification keys and original descriptions 22 . The animals were caught and handled in accordance with the recommendations of the Brazilian Institute for the Environment and Renewable Natural Resources (ICMBio/SISBio, no. 36585-1). The procedures implemented were endorsed by the Ethics Committee for Animal Use of the University of São Paulo, Brazil (CEUA P-292-06), in accordance with Brazilian regulations.
Culturing of Trypanosoma cruzi isolates
To isolate trypanosomatid parasites, the blood samples obtained from wild animals and positive samples from triatomines (intestinal contents) were inoculated into Vacutainer tubes containing a biphasic medium consisting of 15% sheep red blood cells as the solid phase (blood agar base), overlain by liquid liver infusion tryptose (LIT) medium supplemented with 20% fetal bovine serum [23] [24] . The culture was incubated at 28ºC and grown in LIT medium for deoxyribonucleic acid (DNA) preparation. The isolates were cryopreserved in liquid nitrogen in the Brazilian Trypanosomatid Collection [Coleção Brasileira de Tripanossomatídeos (CBT)], in the Department of Preventive Veterinary Medicine and Animal Health, School of Veterinary Medicine, University of São Paulo, Brazil.
Molecular characterization of Trypanosoma genotypes
DNA was extracted from the trypanosome culture samples using the phenol-chloroform method 25 . Primary samples were purified using the Wizard DNA clean-up system (Promega).
The DNA samples were subjected to PCR amplification for the trypanosome barcode (V7V8 region of SSU rDNA) and Cytochrome B (CytB) as previously described 15 . PCR products of the expected size were purified and sequenced in an automated sequencer (ABI Prism 310). The nucleotide sequences generated were deposited in GenBank.
The newly generated sequences were aligned with sequences available in GenBank that had previously been determined for other trypanosome species, using Clustal X 26 . Manual adjustments were made using GeneDoc 27 . The alignment was used to construct phylogenetic trees using maximum parsimony, as implemented in PAUP version 4.0b10 28 with 500 bootstrap replicates and Bayesian analysis performed using MrBayes v3.1.2 29 with 1,000,000 replicates. The first 25% of the trees represented 'burn-in', and the remaining trees were used to calculate Bayesian posterior probabilities.
RESULTS
Seventy-six animals belonging to four orders, eight genera and eight species of wild mammals were caught ( Table 1) . Two species were caught by means of active searching: Tolypeutes tricinctus and Tamandua tetradactyla. Out of the 74 animals that were caught in traps, 63 (85.1%) were rodents and 11 (14.8%) were marsupials.
Among all mammals caught, six hemocultures were positive (8.0%). Only two hemocultures were isolated and cryopreserved, and the remaining four were lost. The morphology of all cultures were compatible with the subgenus Schizotrypanum.
A total of 44 specimens of insects were collected: 35 adults and nine nymphs. All specimens were identified as Triatoma brasiliensis from their morphological characteristics. Cytological identification (examination by optical microscopy to identify epimastigite or trypomastigote forms) was conducted through dissection and examination of the digestive tract to observe infection by trypanosomatids. This was done only on triatomines that arrived alive at the laboratory. Thus, out of 34 triatomines that were subjected to examination of the intestinal contents, six specimens (four adults and two nymphs) of T. brasiliensis were positive for flagellates that were morphologically similar to T. cruzi, which corresponded to a natural infection rate of 17.6%. The intestinal contents of positive triatomines were inoculated into culture medium (BAB/LIT), but one culture did not grow. Five cultures obtained were cryopreserved.
The sequences of five isolates of Trypanosoma from T. brasiliensis and two isolates from Galea spixii were characterized and positioned in phylogenies based on the gene sequence SSUrDNA in T. cruzi and the TcI branch (Bootstrap 100%/1.0 posterior probability) (Figure 2) . Congruent topologies were obtained through maximum parsimony and Bayesian analyses. All primary samples (blood samples) analyzed using PCR were negative.
DISCUSSION
In this study, we describe the presence of T. cruzi in triatomines and mammals that were caught in the National Park of Serra das Confusões.
Only T. brasiliensis was caught in the NPSC. The habitat of this species consists of high-temperature areas in the semi-arid region, distributed across all states of northeastern Brazil, and even in Tocantins, Goiás, and Minas Gerais 19, 30, 31 .
Its main wild ecotypes are associated with bird and mammal shelters, thus facilitating contact with animals to feeding. However, their ecological valence allows adaptation to other ecological niches, including peridomestic and home environments. This adaptive capacity makes T. brasiliensis a species that is capable of linking the sylvatic cycle to the domestic cycle [32] [33] [34] . Therefore, the finding of infected insects in the NPSC is extremely valuable for understanding the potential risk of transmission of T. cruzi in this region. It is necessary to check for possible domestication of these vectors, since the park is located near precarious human habitations.
In this study, Trypanosoma sp. was found in six (8.1%) of the 74 marsupials and rodents analyzed, with two isolate from G. spixii, popularly known as the cavy.
G. spixii is a rodent belonging to the Caviidae family, commonly found in semi-arid regions in the Caatinga and Cerrado of Northeastern Brazil 35 . It has been known as a T. cruzi host in this Brazilian region since 1976 36 , and there have also been reports from the Serra da Capivara, in the state of Piauí 2 . T. cruzi infection in wild rodents has been described in Thrichomys laurentius in the Serra da Capivara National Park 2 , and in Thrichomys pachyurus and Thrichomys apereoides in the central-western region of the country 37 . Among marsupials, Monodelphis domestica is the one most commonly infected by T. cruzi, and it is considered a reservoir in Brazil and Paraguay 16, 38 . As shown in Serra da Capivara, the rate of natural infection of small mammals in the study area was very low compared with other biomes from Brazil and other countries in the America 3, 6, 7, 11, 37 , related to the diversity of vertebrate hosts and triatomines. While, a low number of isolates obtained in Caatinga can be explain by climatic seasonality, which is marked by severe drought. This probably affects the density and survival of the mammal population and, consequently, parasite transmission and its cycle 2 .
It should be noted that, although the parasite was not isolated in a large number of mammals, this does not mean that infection was not occurring in these animals. The absence of T. cruzi growth in culture medium may be explained by low levels of parasitemia, intraspecific variation between different strains, and the time that elapsed from sample collection to arrival at the laboratory [39] [40] [41] [42] . Concern regarding findings of positive animals in the park is due to the ecological and behavioral characteristics of these animals. They easily adapt to environments occupied by humans and can become reservoirs in the cycle of the T. cruzi. They may also further disperse the insects lodged in their skin, thereby facilitating propagation of the vectors 30 .
However, for an animal parasitized by T. cruzi to be considered a reservoir and have importance in maintaining the transmission cycle in a given area, factors, such as the parasite's ability to persist in the host and its interrelations with the community, need to be considered deeply [43] [44] [45] . Our analysis regarding the genetic variability of parasites isolated from these vertebrate and invertebrate hosts, using the SSUrDNA gene as a molecular marker, showed that the parasites had 100% similarity with T. cruzi genotype I (TcI). These findings differ from the results in Serra da Capivara, where species of the genotypes TcI and TcII were found.
It needs to be borne in mind that the transmission cycle is not one-dimensional and linear, but it is a complex and unstable system formed by a complex food chain 43 . Thus, for prophylaxis and disease control, all links involved in the chain need to be known in order to form the basis for future measures for preventing and controlling the disease. These measures should include monitoring the health of the population in areas surrounding the NPSC, promotion of environmental education and tourism activities to raise awareness about the risk of contracting the disease, and entomological surveillance of neighboring areas with human settlements.
